Strains of Vibrio salmonicida that were isolated from different localities on the Norwegian west coast and strains of Vibrw anguillarum, Vibrio ordalii, and Vibrio parahaemolyticus were compared genetically. Our results showed that strains of V . salmolticida constitute a homogeneous group (82 to 100% deoxyribonucleic acid homology), which is distinct from the other species, and that V . anguillarum is a rather diverse species. This diversity seems to be related to the host specificity of the bacterial strains.
MATERIALS AND METHODS
The strains used in this investigation are listed in Table 1 . Cultures for deoxyribonucleic acid (DNA) extraction were grown in tryptone soy broth (Oxoid Ltd., London, United Kingdom) supplemented with 1% NaCl. Strains of V . anguillarum, V . ordalii, and V . parahaemolyticus were incubated at 22°C for 18 to 24 h. V . salmonicida strains were incubated at 15°C for 48 h. DNA reference strain Escherichia coli B was cultivated in a medium containing 0.3% meat extract (Difco Laboratories, Detroit, Mich.), 0.5% peptone (Oxoid), and 0.2% yeast extract (Oxoid) at 37°C for 15 h. All of the cultures were incubated aerobically with continuous shaking.
DNA was extracted and purified as described by Marmur (14) . The bacterial cells were easily lysed with sodium lauryl sulfate; lysozyme treatment was unnecessary. Guanine-pluscytosine (G+C) contents were determined by thermal denaturation (15), using 1 . 0~ SSC (0.15 M NaCl plus 0.015 M sodium citrate) as the solvent and DNA at concentrations corresponding to initial levels of absorbance at 260 nm of 0.4 to 0.7 (20 to 35 pg of DNA per ml) (13). G+C contents were calculated by using the following equation: (2.44 X T,) -169.25 = G+C content, where T, was the melting point in 1 . 0~ SSC (13).
The DNA studies were performed with a Pye Unicam spectrophotometer equipped with a data unit.
DNA hybridization. DNA hybridization experiments were performed by the method of De Ley et al. (5). The DNA concentration, which was measured spectrophotometrically instead of chemically, was reduced from 80 to 28 pg of DNA per ml in the renaturation solution. DNAs from the vibrios were renaturated at 67°C as described by Gillis et al. (9 Molecular weights of bacterial genomes. The molecular weights of the bacterial genomes were determined from initial renaturation rates by using the method of Gillis et al. (9) . The DNA renaturation conditions were as described above. DNA from E. coli B was renaturated at 72°C.
RESULTS
By melting the DNAs several times, an accuracy level of 20.7 mol% G+C could be obtained. The observed value for E. coli B of 52.3 mol% G+C was in accordance with the results of Gillis et al. (9) and Salte (K. Salte, M.S. thesis, University of Bergen, Bergen, Norway, 1981) (52.0 and 52.1 mol% G+C, respectively). The G+C contents of the DNAs of both V. parahaemolyticus NCMB 1902 and V . anguillarum NCMB 6T (T = type strain) were found to be 46.0 mol%, which is in accordance with the results of Colwell (4) and Kiehn and Kiehn and Pacha (12) , respectively.
The G+C content of the DNA of V . salmonicida (41.6 2 0.6 [mean 5 standard deviation; n = 41) differs significantly from the G + C contents of V . anguillarum (46.
Strains of V . salmorticida appear to have slightly larger genomes than strains of V . anguillarum; the molecular weights of the genomes of these organisms were 2.79 x lo9 k 0.07 x lo9 (mean k standard deviation; n = 4) and 2.57 X lo9 L 0.27 x lo9 (n = 12), respectively. This difference is not statistically significant. Gillis et al. (9) estimated a mostprobable error for genome molecular weights from their equation to be * 14%. We used the Gillis-De Ley modification of this equation (8). The genome molecular weights of the two strains of V. ordalii were significantly smaller (1.82
x lo9 and 1.97 x 109 than those of the other vibrios which we studied.
The DNA hybridization experiments showed little homology among V . salmonicida, V . anguillarum, V. ordalii, and V. parahaemolyticus (Table 2) . 30% hybridized DNA when they used between 30 and 40 pg of DNA per ml; this was found to be the optimal concentration range. The values which these authors obtained were in excellent agreement with the values obtained by the membrane filter technique.
The strains of V. salmonicida used in this study showed a very close relationship, irrespective of place or time of isolation. The two strains of V. ordalii showed only 55% homology to each other. This low value is inconsistent with the results of Schiewe et al. (19) , who found more than 90% homology between the same strains by using hybridization on membrane filters. Schiewe et al. (19) reported G+C contents for V. ordalii of 43 and 44 mol%, values which are lower than our results (46 and 48 mol%) for two of the same strains. Our results with E . coli B, V . anguillarum NCMB 6T, and V. parahaemolyticus are in agreement with previously published results (4, 9, 12; Salte, M.S. thesis), suggesting that our values for the G+C contents of strains of V. ordalii are representative. Schiewe et al. (19) determined G+C contents by thermal denaturation. However, their method differed from ours by a higher heating rate for the DNA and by the use of the equation of Marmur and Doty (15) for calculating G+C content.
Based on the DNA hybridization data, V. anguillarum appears to be a rather diverse species. The strains isolated from saithe exhibit only 64 to 67% homology with strains isolated from rainbow trout. This is in agreement with the results of Egidius and Andersen (6), who found that strains of V. anguiZlarum isolated from rainbow trout and saithe show host-specific pathogenicity. Strain NCMB 6T isolated from free-living cod and strain LS1 74 isolated from Pacific salmon are closely related to the saithe strains. The close relationship of V. anguillarum strain HI 4791 from farmed cod and strain NCMB 2129 from rainbow trout agrees with our observations, which indicate that cod strains of V. anguillarum are not host specific. Bacterial strains isolated from Atlantic salmon and rainbow trout exhibited a high level of DNA homology (80 to 92%). This is in agreement with the results of Egidius and Andersen (6), who showed that vibriosis developed in Atlantic salmon which was injected with V. anguillarum NCMB 2129 originally isolated from rainbow trout. 
